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(54) Semiconductor memory device 

(57) Controlling the timing for the overdrive of the 
sense amplifiers in response to the conductor length be- 
tween the sense amplifiers and the power supply volt- 
age supply nodes, and designing a reduction of the pow- 
er consumption by preventing excessive overdrive of 
the bit lines. 

The supply timing for the power supply voltage to 
each sense amplifier bank is controlled according to the 
conductor length between the supply nodes CT0, CT1 , 
CT2 for the power supply used for the driving of the 
sense amplifiers and each sense amplifier bank SB0 to 
SB16, and since the supply time for the overdrive volt- 
age to the sense amplifier bank SB0 at the near end is 
set short and the supply time for the overdrive voltage 
is set successively longer as it goes towards the far end, 
the sensing delay that originates in the voltage drop that 
is generated in the conductor between the supply nodes 
and the sense amplifier banks is compensated for, uni- 
formity of the overdrive for the bit lines at both the far 
and near ends can be achieved, the excessive overdrive 
at the sense amplifier bank (memory cell mat) at the 
near end can be avoided, and by extension, a reduction 
of the power consumption can be realized. 
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Description 

FIELD OF THE INVENTION 

This invention relates to a semiconductor memory 
device, more specifically, to a semiconductor memory 
device having a function that controls the pulse signal 
used for the sense amplifier drive, and which compen- 
sates for the length of the sense amplifier according to 
the voltage drop of the conductor. 

BACKGROUND OF THE INVENTION 

FIG. 1 2 shows one construction example of a mem- 
ory array for a semiconductor memory device, for ex- 
ample, a DRAM. In FIG. 12, the memory array is con- 
structed by means of the word lines WLO to WL5, bit 
lines (or complementary bit lines) BLO, BLO., BL1, BL1_ 
and the memory cells MC 00 MC 0 11 , MC 02 , .... MC 14l 
MC 1 5 that are respectively connected at the intersec- 
tion points of these word lines and bit lines (and com- 
plementary bit lines). In this figure, only a portion of the 
memory array is shown for the purpose of explanation. 
The bit line pair comprising bit line BLO and complemen- 
tary bit line BL0_ are connected to the sense amplifier 
SAO, and the bit line pair comprising bit line BL1 and 
complementary bit line BL1 _ are connected to the sense 
amplifier SA1. During memory access, the bit line and 
the complementary bit line comprising a bit line pair are 
respectively held at different voltage levels by means of 
the sense amplifier. For example, when the bit line BLO 
is held at a high level (power supply voltage V DD level, 
the complimentary bit line BLO_ is held at a low level 
(common voltage V ss level). The word lines WLO to WL5 
are selected and driven by means of the word line drive 
circuit WD. In FIG. 12, the word line drive circuit WD is 
omitted. 

The memory cells MC 00 , MC 01 , MC 02 , MC 14 , 
MC-, 5 are arranged at the intersection points of the word 
lines WLO to WL5 and the bit lines BLO, BL0_, BL1, 
BL1_, respectively As is shown in FIG.12, the memory 
cells of the DRAM, for example, the memory cell MC n n 
is constructed by means of a single transistor j and 
a single capacitor -, , the gate of transistor Q-, n is con- 
nected to the word line WL1 , and is controlled to the ON/ 
OFF state by means of the voltage of word line WL1 . 
During memory access, one of the word lines among 
the word lines WLO to WL5 is selected by means of the 
word line drive circuit WD in response to the input ad- 
dress signal, and since the selected word line is activat- 
ed and held at a high level, the transistor for the memory 
cell that is connected to the selected word line is held in 
the ON state. 

For example, if word line WL1 is selected by means 
of the word line drive circuit WD and held at a high level, 
transistor Q A (1 of memory cell MC^ -, is placed in the ON 
state. During writing, the level of the bit line is designat- 
ed in response to the write data by means of the sense 
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amplifier at the same time as the selection of the word 
line. For example, bit line BL1 is held at a high level 
(power supply voltage V DD level), and complementary 
bit line BL1_atthe low level (common voltage V^ level), 
s respectively, by means of the sense amplifier SA1. By 
this means, the charging voltage and the charge of the 
capacitor C 1(1 is held as the stored data. 

On the other hand, when the stored data is read 
from the memory cell MC^ 1( the bit line BL1 and the 
complementary bit line BL1_ are set beforehand via the 
sense amplifier SA1 toaprechargeof, for example, V DD / 
2, which is half of the power supply voltage V DD . When 
the word line WL1 is activated by means of the word line 
drive circuit WD and held at a high level, the transistor 
Q 1f1 is placed in the ON state, the bit line BL1 and the 
capacitor C 1t1 are shorted, and the potential of the bit 
line 3L1 is slightly changed in response to the accumu- 
lated charge of the capacitor C 1 v By means of this 
slight potential change on the bit line BL1 being detected 
and amplified by means of the sense amplifier SA1 , the 
storage data for the memory cell MCj 1 is read. 

Accompanying the change to a large capacity for 
the DRAM, the memory array has been further divided 
into multiple subarrays (memory cell matrices), and 
have become a construction that arranges sense ampli- 
fier banks comprising sense amplifiers on the side of 
each subarray. The sense amplifier banks are construct- 
ed by means of sense amplifiers of the same number 
as the bit line pairs for each subarray, and each sense 
amplifier bank is jointly used by means of sub-arrays 
that are arranged on both the right and left sides. Also, 
means of reducing the number of sense amplifiers by 
means of lengthening the bit lines and widening the sub- 
arrays, a reduction of the surface area that the sense 
amplifier banks occupy in the entire chip is accom- 
plished, and a reduction of the chip size is accom- 
plished. However, the deterioration of the characteris- 
tics that accompany an increase in the resistance and 
parasitic capacitance of the bit lines due to their length- 
ening becomes a problem. Systems such as a construc- 
tion in which the bit lines are changed to tiers have been 
proposed for purpose of handling this. 

Also, along with the advances in the change to high 
capacity and miniaturization of the semiconductor mem- 
ory devices, the miniaturization of the elements has ad- 
vanced, and the change to thin films for the purpose of 
low voltage operations has also advanced. In order to 
ensure the gate voltage tolerance of the transistors that 
construct the memory cell, an internal voltage VDL that 
is lower than the external power supply voltage in which 
the external power supply voltage V DD has been 
dropped is being used inside the memory array. Accom- 
panying this, the lowering of the access speed has be- 
come a problem with the sense amplifier. In order to 
avoid this, the so-called overdrive OVD system is being 
used, which supplies the external voltage power supply 
voltage V DD to the sense amplifier for a normal fixed pe- 
riod, for example, the period until the bit line has reached 
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the memory array voltage (internal operating voltage 
Vol)- 

Incidentally, because a voltage drop originating in 
the sense amplifier voltage conductor resistance ap- 
pears between each memory cell mat with the above- s 
mentioned overdrive system used in the past, even if it 
is within the same memory array block, the optimum 
sense amplifier overdrive amount is different between 
each memory cell mat. 

For example, in the 64Mb (megabit) DRAM used in 
the past, in order to ensure sufficient writing at the far- 
thest end, the timing for the overdrive was optimized at 
the farthest end (worst case). By this means, the over- 
drive at the farthest end was ensured, but it became a 
surplus overdrive at the nearest end, and the surplus 
charge was discarded. In other words, at the sense am- 
plifier for the near end, a voltage application was con- 
ducted that was greater than necessary during memory 
access, and there were disadvantages in that this invit- 
ed the deterioration of the characteristics of the transis- 
tors that construct the sense amplifier, and invited an 
increase in the power consumption. 

FIG. 13 shows the changes in the bit line voltage 
for the memory cell mat of the near end and far end when 
reading is performed. In the case of this example, the 
power supply voltage V DD is, for example, 3.3 V, and the 
lowered voltage V DL that is used within the memory ar- 
ray is, for example, 2.2 V As is illustrated, before read- 
ing, the bit line BL and the complementary bit line BL- 
are precharged to a voltage level of one half of the in- 
ternal power supply voltage V DL , for example, 1.1V, and 
after starting reading, in response to the storage data of 
the memory cell, for example, the bit line BL- is charged 
by means of the power supply voltage V DD , and the com- 
plementary bit line BL is discharged by means of the 
common voltage V^. Since the application time for the 
power supply voltage V DD to the bit lines BL in other 
words, the time T OVD for the overdrive is sent by match- 
ing it to the sense amplifier for the farthest end, the bit 
line that is connected to the sense amplifier for the far- 
thest end is properly charged to the. internal power sup- 
ply voltage V DL by means of the overdrive operation, but 
at the bit line BL that is connected to the sense amplifier 
for the near end, it is charged to a surplus due to the 
same overdrive time T OVD , and when the overdrive is 
completed, is held at a level that . is higher than the in- 
ternal V DL . Since the complementary bit line BL_ is dis- 
charged by means of the common voltage V ss in the 
case of either the far end or the near end, its voltage is 
about the same. 

This invention was made after reviewing this infor- 
mation, and its purpose is to offer a semiconductor 
memory device in which the timing for the overdrive can 
be controlled in response to the arrangement positions 
of the memory cell matrices, the bit lines can be driven 
at the optimum voltage, a reduction in the power con- 
sumption can be accomplished, and the timing design 
for the overdrive can be simplified. 
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SUMMARY OF THE INVENTION 

In order to achieve the above-mentioned purposes, 
in accordance with one aspect of the invention, the sem- 
iconductor memory device of this invention has a first, 
second, and third voltage supply node for the purpose 
of providing a first voltage, a second voltage that is high- 
er than the above-mentioned first voltage, and a third 
voltage that is higher than the above-mentioned second 
voltage, a memory cell array wherein the memory cells 
are arranged at intersection points of word lines and bit 
line pairs, and which hold charges corresponding to the 
above-mentioned first voltage and the above-men- 
tioned second voltage as data, a sense amplifier block 
that is connected to the above-mentioned bit line pairs, 
and contains a sense amplifier that operates in re- 
sponse to the above-mentioned first voltage and the 
above-mentioned third voltage during the first period of 
reading the data that is stored in the above-mentioned 
memory cells, and which operates in response to the 
above-mentioned first voltage and the above-men- 
tioned second voltage during a second period, a first, 
second, and third conductor for the purpose of respec- 
tively supplying the above-mentioned first voltage, the 
above mentioned second voltage, and the above-men- 
tioned third voltage to the above-mentioned sense am- 
plifier block, and a sense amplifier drive control means 
that controls the length of the above-mentioned first and 
second periods in response to the length of the conduc- 
tor between the above-mentioned conductor for the 
above-mentioned voltage supplying nodes and the 
above-mentioned sense amplifier block. 

In accordance with another aspect of the invention, 
the above-mentioned sense amplifier drive control 
means controls the length of the above-mentioned first 
period according to the length of the above-mentioned 
conductor. 

In accordance with a further aspect of the invention, 
the sense amplifier drive control means contains a pulse 
signal generating circuit that generates a drive pulse sig- 
nal of a pulse width corresponding to the above-men- 
tioned line length, and the above-mentioned drive pulse 
signal controls the length of the above-mentioned first 
period. 

In accordance with yet another aspect of the inven- 
tion, the above-mentioned pulse signal generating cir- 
cuit contains a delay circuit that applies a prescribed de- 
lay time to the reference pulse signal and a logic calcu- 
lating circuit that generates the above-mentioned drive 
pulse signal by inputting the above-mentioned refer- 
ence pulse signal and the output signal of the above- 
mentioned delay circuit. 

In accordance with a still further aspect of the in- 
vention, the delay time for the above-mentioned delay 
signal is set to a time corresponding to the above-men- 
tioned conductor length. 

According to another aspect of this invention, the 
supply time for the three voltages to the sense amplifi- 
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ers, in other words, the time for the overdrive, is control- 
led in response to the conductor length between the 
sense amplifier block (sense amplifier bank) and the 
voltage supply node, and since the supply time for the 
voltage used for the overdrive for the sense amplifier is 
adjusted to long corresponding to a long conductor 
length between the voltage supplying node used for the 
overdrive and the sense amplifier block, the effect of the 
sensing delay for the sense amplifier due to the voltage 
drop that is generated in the power supply line is com- 
pensated for. 

In accordance with yet another aspect of the inven- 
tion, since the time for the overdrive at the sense ampli- 
fier can be a optimally set corresponding to the conduc- 
tor length between the sense amplifier block and the 
voltage supply node, a surplus overdrive can be pre- 
vented, and a change to a low power consumption for 
the semiconductor memory device can be accom- 
plished. 

In accordance with a further aspect of the invention, 
since the time for the overdrive at the sense amplifier is 
adjusted by means of the pulse width of the drive pulse 
signal that the pulse signal generator circuit of the sense 
amplifier drive control means generates, and that pulse 
width can be adjusted according to the delay time of the 
delay circuit to which the reference pulse signal is ap- 
plied, the time for the overdrive for the sense amplifier 
can be conveniently set by means of a simple circuit 
construction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be further described, 
by way of example, with reference to the accompanying 
drawings in which: 

FIG. 1 is a block diagram of a semiconductor mem- 
ory device related to this invention. 

FIG. 2 is a block diagram showing an outline of the 
construction of the memory cell mat M1 in FIG. 1. 

FIGS. 3a-b are diagrams showing one example of 
the pulse generating circuit used for overdrive and the 
waveforms for the pulse used for overdrive. 

FIG. 4 is a diagram showing one example of a delay 
circuit DLY of FIG. 3. 

FIG. 5 is diagrams showing an overdrive circuit for 
the sense amplifier and the waveform of the sense am- 
plifier control signal. 

FIG. 6 is a diagram showing the potential change 
of the bit lines during reading in the case of conducting 
overdrive control according to this invention. 

FIG. 7 is a circuit diagram for the first stage over- 
drive timing control signal generating circuit. 

FIG. 8 is a circuit diagram of the second stage and 
after overdrive timing control signal generating circuit. 

FIG. 9 is a waveform chart for the purpose of ex- 
plaining the operation of the overdrive timing control sig- 
nal generating circuits shown in FIG. 7 and FIG: 8. 

FIG. 1 0 is a block diagram showing an outline of the 
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construction of submatrix SMI', in which the tiered bit 
line construction is used. 

FIG. 11 is a diagram showing the changes of the bit 
line potential during overdrive in the regular bit line BL 
s and the extended bit line EXBL 

FIG. 1 2 is a circuit diagram showing a construction 
example for a DRAM memory array. 

FIG. 1 3 is a diagram showing the changes of the bit 
line potential on the memory cell mat for the near end 
10 and the far end when reading is performed in an exam- 
ple of the prior art. 

REFERENCE NUMERALS AND SYMBOLS AS 
SHOWN IN THE DRAWINGS 

is 

In the figures reference numerals 10, 20, 30 are 
power supply voltage main conductor, 40, 50, 60 are 
power supply voltage conductor, 70, 72 are level shift 
circuits, MAO to MA7 are memory arrays, AC0 is an ar- 

20 ray control circuit, M0 to M1 5 are memory cell matrices, 
SB0 to SB1 6 are sense amplifier banks, SWL is a sub- 
word line, BL, is a bit line, BL_ is a complementary bit 
line, MC is a memory cell, SWD1 , SWD2, SWD1', 
SWD2', and sub-word line drive circuits, SAO, SA1 , SA2, 

25. SA3 are sense amplifiers, and DLY is a delay circuit. 

DESCRIPTION OF EMBODIMENTS 

FIG. 1 is a block diagram of a semiconductor mem- 
30 ory device related to this invention. 

This example of a semiconductor memory device 
is, for example, a 64Mb DRAM. As is illustrated, the 
memory chip is constructed of the eight memory arrays 
MAO to MA7, and each memory array has a storage ca- 
35 pacity of 8Mb (megabits): FIG. 1 , as an example, shows 
an outline of the internal construction of the memory ar- 
ray MA7. 

The memory array MAO is constructed by means of 
the array control circuits AC0, memory cell matrices M0 
40 to M15, and sense amplifier banks SB0 to SB16, and 
each memory cell mat has a storage capacity of 5i2Kb 
(kilobits). 

The array control circuit AC0, for example, contains 
the circuit that controls the operation of the sense am- 

45 pHfier banks, the main word line drive circuit that selec- 
tively controls the main word line MWL, and the sub- 
word line drive circuit that selectively controls the sub- 
word lines SWL. The memory cell mat is constructed by 
means of, for example, the memory cells that are ar- 

50 ranged at the intersection points of the sub-word lines 
and the bit line pairs. The sub-word lines are selected 
and activated by means of the sub-word line drive circuit 
SWD. The bit line pairs are connected to the respective 
sense amplifiers. 

55 FIG. 2 is block diagrams showing an outline of the 
construction of the memory cell mat M1. The memory 
cell mat M1 is sandwiched between the sense amplifier 
bank SB1 and the sense amplifier bank SB2, and is con- 
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structed by means of the eight submatrix SMO to SM7, 
and the nine sub-word line drive circuits SWDO to 
SWD8. Also, each submatrix has a storage capacity of 
64Kb (kilobits). 

In submatrix SM1, the respective 128 sub-word 
lines are alternately extended from the sub-word line 
drive circuit SWD1 , SWD2, and the 256 bit line pairs are 
respectively alternately connected to the sense amplifi- 
ers SAi in the sense amplifier banks SB1 , SB2. During 
memory access, in response to address information that 
is input to the not illustrated main word line and the sub- 
word line drive circuits SWD1 , SWD2, one line from the 
256 lines is selected and held at the high level of an 
activated state by means of the sub-word line drive cir- 
cuits SWD1 , SWD2. In FIG : 2, for explanation purposes, 
only the sub-word lines SWLj, SWLj +1 j = 0, 1 , 2, .... 255 
are shown The respective 1 28 sense amplifiers SAi are 
arranged in the portions of the sense amplifier banks 
SB1 , SB2 corresponding to submatrix SM1 . The sense 
amplifiers SAO, SA2, .... SA254 are arranged in the 
sense amplifier bank SB1, and the sense amplifiers 
SA1, SA3, iSA255 are arranged in the sense ampli- 
fiers bank SB2. In FIG. 2, only the sense amplifiers SAO, 
SA1, SA2, SA3 are shown. 

As for the sense amplifier bank SB1 , it is commonly 
used by memory cell matrices MO (not illustrated) and 
M1 that are arranged on both sides of it, and in the same 
manner, the sense amplifier bank SB2 is jointly used by 
the memory cell matrices M1, M2 (not illustrated). 

Below, an explanation is given in regard to the con- 
struction of submatrix SM1. 

In submatrix SM1, one memory cell is arranged at 
the intersection point of the sub-word line and the bit line 
and the complementary bit line. Using FIG. 2 as an il- 
lustration, only the memory cells MC 0 j, MC o j+1 , MC 1 j, 
MC 2,j> MC 2,j+v MC 3,j> Mc 3,j+1 are shown. Also, 
in FIG. 2, the arrangement position of the memory cell 
is shown by means of the dots for the intersection points 
of the sub-word line and the bit lines and complementary 
bit lines, and the construction of the memory cell is omit- 
ted. The memory cell is constructed by means of, for 
example, a single transistor Q and a single capacitor C. 

The sense amplifier is connected to the bit line pair 
by means of the transistor gate. For example, the sense 
amplifier SAO is connected to the bit line pair BLO, BL0_ 
by means of the transfer gates TGO, TG0_. The gates 
of the transfer gates TGO, TG0_ are connected to the 
control signal line T2. When this control signal line T2 is 
held at a high level, the transfer gates TGO, TG0_ are 
in the ON state, are connected to the sense amplifier 
SAO and the bit line pair BLO, BL0_, and enable writing 
or reading of the memory cell. 

It is also the same at the other sense amplifiers. In 
FIG. 2, the transfer gates and the sense amplifiers are 
separately arranged, but in an actual circuit, the transfer 
gates can be arranged in the sense amplifier Also, it is 
not illustrated, however, the control signal lines T1 to T4 
that control the ON/OFF state of the transfer gates, for 
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example, are connected to the array control circuit ACO 
shown in FIG. 1, and are controlled by means of the X 
decoder in the array control circuit ACO. 

As is shown in FIG. 1, the power supply voltage 

5 v dd> tne common potential V ss , and the memory array 
internal power supply voltage V DL are respectively sup- 
plied to each sense amplifier bank SBO to SB16. The 
power supply voltage V DD and the common potential 
V ss are input by means of the terminals T DD , T ss , re- 

io spectively, and the internal power supply voltage V DL , 
for example, is generated by means of the voltage drop- 
ping circuit that is provided on the memory chip, and is 
input from the terminal T DL . In this example, the power 
supply voltage V DD is made 3.3 V, the common potential 

15 V ss 0 V, and the internal power supply voltage V DL 2.2 V. 
The power supply voltage V DD , the common poten- 
tial Vqs and tne internal power supply voltage V DL are 
sent to the vicinity of each memory array MAO to MA7 
by means of the main conductor 10, 20, 30 on the mem- 

20 ory chip, respectively, and are further supplied to each 
sense amplifier bank SBO to SB1 6 in each memory array 
by means of conductors 40, 50, 60. As is shown in FIG. 
1 , the connection location (contact) for conductor 1 0 and 
conductor 40 is CT0, the connection location (contact) 

25 for conductor 20 and conductor 50 is CT1 , and the con- 
nection location (contact) for conductor 30 and conduc- 
tor 60 is CT2. A voltage drop and a signal delay are gen- 
erated on the conductor due to the resistance and par- 
asitic capacitance of the conductor 10 to 60. 

30 The delay that is generated between the supply ter- 
minals T DD , T ss , T DL , for each power supply and the 
respective contacts CT0, CT1 , CT2 is delay A, the delay 
that is generated between each contact CT0, CT1 , CT2 
and the sense amplifier banks is delay B, and the delay 

35 that is generated within each sense amplifier bank is de- 
lay C. 

As for the conductors 10, 20, 30 arranged in the vi- 
cinity of the memory arrays MAO to MA7, because suf- 
ficient conductor space can be maintained, thick con- 

40 ductors can be used, and the delay A that is created on 
the conductors can be made small. In an actual DRAM 
chip, among the above-mentioned delays A, B, C, the 
one that is the largest is delay B, in other words, the 
delay that is generated in the conductors 40, 50, and 60 

45 from the contacts to each sense amplifier bank. This is 
because the use of somewhat thick conductor for con- 
ductor 40, 50, and 60 is very difficult due to limitations 
on the layout The delay B changes in response to the 
conductor length between the contacts CT0, CT1 , CT2 

50 and the sense amplifier banks. For example, in the 
memory array MAO shown in FIG. 1 , since the conductor 
to the sense amplifier bank SBO is the shortest, and the 
conductor to the sense amplifier bank SB1 6 is the long- 
est, the delay B that is generated on the conductors to 

55 the sense amplifier bank SBO is the smallest, and the 
delay B that is generated on the conductor to the sense 
amplifier bank SB1 6 is the largest. Also, not only is there 
a delay, but because a voltage drop is generated due to 
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the resistance of the conductor, the power supply volt- 
age that is supplied to the sense amplifier bank SBO be- 
comes the largest, and the power supply voltage that is 
supplied to the sense amplifier bank SB1 6 becomes the 
smallest. Because of this, in the case of supplying a s 
power supply voltage of the same pulse width to each 
sense amplifier SBO to SB16, for example, the power 
supply voltage V DD used for overdrive, in order to ensure 
writing and reading operations for the sense amplifier 
bank SB16 at the far end, if the pulse width is set ac- 
cording to that, a surplus overdrive is generated at the 
sense amplifier bank SBO at the near end. 

In this invention, the pulse width used for the over- 
driven for each sense amplifier bank is controlled in re- 
sponse to the arrangement positions of the sense am- 
plifier, for example, by means of setting the pulse width 
used for the overdrive for the sense amplifier bank SBO 
of the near end small, and setting the pulse width used 
for the overdrive of the sense amplifier bank SB16. of 
the far end large, at the same time ensuring the writing 
reading operations for the far end, a surplus overdrive 
at the near end can be avoided. 

FIG. 3 shows one example of a pulse generating 
circuit used for overdrive. This is schematically shown 
for the memory array MAO shown in FIG. 1, and the 
memory array is constructed by means of the 16 mem- 
ory cell matrices MO to M1 5 and the 1 7 sense amplifier 
banks SBO to SB16. The pulse signals PLSO to PLS16 
used for the overdrive shown in FIG. 3a are respectively 
input to each sense amplifier bank SBO to SB16. 

FIG. 3b shows a schematic for the pulse generating 
circuit used for the overdrive. This generating circuit is 
provided, for example, in the array control circuit ACO 
shown in FIG. 1. As is illustrated, the pulse generating 
circuit is constructed by means of the delay circuits 
DLYO to DLY15, NAND gates NGTO to NGT16, and in- 
verters IN VO to IN V1 6. 

One of the terminals of the NAND gates NGTO to 
NGT16 is connected to the input terminal T !N for the 
overdrive control signal SAO, and the other input termi- 
nal is connected to the output terminal of the delay cir- 
cuits DLYO to DLY15. For example, one of the input ter- 
minals of the NAND gate NGT1 is connected to the input 
terminal T )N , and the other input terminal is connected 
to the output terminal of the delay circuit DLYO. Also, 
one of the input terminals of the NAND gate NGT16 is 
connected to the input terminal T, N , and the other input 
terminal connected to the output terminal of the delay 
circuit DLY15. Both of the input terminals of the NAND 
gate NGTO are connected to the input terminal T| N , also, 
the input terminal of the delay circuit DLYO is also con- 
nected to the input terminal T !N , and each of the delay 
circu its DLYO to DLY1 5 are connected in series. The out- 
put terminals of the NAND gates NGTO to NGT16 are 
connected to the inverters INVO to INV16, respectively, 
and the pulse signals PLSO to PLS1 6 used for overdrive 
are output from the output terminals of the inverters 
INV0tolNV16. 
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The overdrive control signals SAO that are input to 
the input terminal T )N are low active signals, for exam- 
ple, are signals that are held at a low level for an interval 
of 14 to 1 7 nsec. Because of that, the pulse PLSO used 
for overdrive that is applied to the sense amplifier bank 
SBO, as is shown in FIG. 3a, is a negative pulse signal 
that is held at a low level for an interval of 1 4 to 1 7 nsec. 
Here, an input signal for the same delay time T D is ap- 
plied to the delay circuits DLYO to DLY1 5. By this means, 
the pulses PLS1 to PLS16 used for overdrive that are 
supplied to the sense amplifier banks SB1 to SB16 are 
pulses in which the width becomes respectively longer 
than the pulse PLSO used for overdrive by time T D . 

The delay time T D for the delay circuits DLYO to 
DLY16 is variable, and an extremely fine adjustment is 
possible in response to the actual operating mode. FIG. 
4 shows one example of the delay circuit DLY. The delay 
circuit DLY is constructed by means of four inverters 
1NVD1, INVD2, INVD3, INVD4, and switch SW1. The 
inverters INVD1 to INVD4 are connected in series. 
Switch SW1 selects and outputs one of the three signals 
from terminals S1 , S2, S3. Terminal S1 is connected to 
the input terminal of delay circuit DLY, terminal S2 is con- 
nected to output terminal of the inverter INVD2, and ter- 
minal S3 is connected to the output terminal of inverter 
INVD4. 

Because of this, when terminal S1 is selected by 
means of switch SW1, the delay time T D of the delay 
circuit DLY is approximately 0. When terminal S2 is se- 
lected, the delay time T D of the delay circuit DLY is gen- 
erated by two inverters, and when terminal S3 is select- 
ed, time T D generated by four inverters. If it is assumed 
that the delay time of two inverters is, for example, 0.4 
nsec, the delay time T d of delay circuit DLY can be set 
to any of 0, 0.4, and 0.8 nsec. 

FIG. 5 shows the overdrive circuit for the sense am- 
plifier and the waveforms for the sense amplifier control 
signal. Each sense amplifier SA that is arranged in the 
sense amplifier banks is constructed from two P channel 
MOS transistors P1, P2 and two N channel MOS tran- 
sistors N1, N2. The transistors P1, N1 are connected in 
series between the power supply lines SDR SDN, and 
their gates are connected to the complementary bit line 
BL_. Also, the transistors P2, N2 are connected in series 
between the power supply lines SDP, SDN, and their 
gates are connected to the bit line BL. The power supply 
line SDP is connected to the internal power supply voft- 
a 9 e V DL by means of N channel MOS transistor N12, 
and is also connected to the power supply voltage V DD 
by means of P channel MOS transistor P11 and the N 
channel MOS transistor N11. The power supply line 
SDN is connected to the common potential V ss by 
means of N channel MOS transistor N13. These tran- 
sistors N11, N12, N13, P11 construct the overdrive cir- 
cuit. 

The power supply lines SDP, SDN are usually pre- 
charged to V DL /2, but if the sense amplifier SA is acti- 
vated, power supply line SDP is changed to the V DD lev- 
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el for the VDL level, and power supply line SDN to the 
V ss level, respectively. As is shown in FIG. 5b, the con- 
trol signal SAP1 becomes a low in response to the ac- 
tivation of the sense amplifier, and the control signal 
SAN becomes high. This control signal SAP1 corre- s 
sponds to the overdrive pulse signals PLSO to PLS16 
that are generated by the overdrive pulse generating cir- 
cuit, the power supply line SDP is connected to the pow- 
er supply voltage V DD , and the overdrive operation is 
conducted. When the control signal SAP1 pulse signal 
PLS becomes high, the overdrive operation is ended, at 
that time the control signal SAP2 becomes a high level, 
and the power supply line SDP is connected to the in- 
ternal power supply voltage V DL . After that, the control 
signals SAP2 and SAN become low, and the reading 
operations for the sense amplifier SA is completed.. 

FIG. 6 shows the changes in potential for the bit line 
during reading in the case of conducting the overdrive 
control by means of this invention. 

As in the figure, the width of the overdrive pulse PLS 
that is applied to the sense amplifier bank of the near 
end is TR1 , and the width of the overdrive pulse that is 
applied to the sense amplifier bank of the far end is TR2, 
and the far end pulse width TR2 is set wide compared 
to the near end pulse width TR1 . 

Before access, both the bit line BL and the comple- 
mentary bit line BL_ are precharged to an intermediate 
potential, for example, the V DL /2 potential. When read- 
ing is begun, initially, by means of the sense amplifier, 
a voltage that is higher than the internal power supply 
voltage V DL is applied to the bit line, for example, the 
voltage of the power supply voltage V DD level, and the 
voltage of the common potential Vss level is applied to 
the complementary bit line BL_. At this time, since the 
bit line BL is placed in overdrive by means of the power 
supply voltage V DD level, the potential rise of the bit line 
BL is fast. When the time for the overdrive pulse has 
elapsed, the voltage of the internal power supply voltage 
V DL level is applied to the bit line BL. 

The pulse width used for overdrive is set according 
to the arrangement position of the sense amplifier bank, 
in other words, to the distance from the main conductors 
10, 20, 30, and since the pulse used for the near end is 
set narrow and the pulse width is set wider the closer it 
is to the far end, the sensing delay in the sense amplifier 
bank at the far end due to the voltage drop on the power 
supply line is compensated for, and also, an excess 
overdrive at the sense amplifiers for the near end is 
avoided As is shown in FIG. 6, as a result of the over- 
drive, the bit lines that are connected to the sense am- 
plifiers of the sense amplifier banks of both the near end 
and far end are precharged to the internal voltage supply 
power supply voltage V DL , and insufficient overdrive at 
the far end and excess overdrive at the near end is sup- 
pressed. 

FIG. 7 and FIG. 8 are detailed schematrices of the 
generating circuits for the overdrive timing control sig- 
nals, and FIG. 9 is a waveform diagram for explaining 
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their operations. 

FIG. 7 is a schematic of the circuit (hereinafter, 
called the first stage generating circuit) that supplies 
(generates) an overdrive signal to the sense amplifier 
bank that is arranged closest to the main conductor, and 
FIG. 8 is the circuit diagram for the generating circuit for 
the overdrive signal that is connected next to the initial 
2nd stage. The overdrive signal generating circuit for 
each stage after the second stage is basically the same 
construction, and below, the second overdrive signal 
generating circuit used for the second stage is explained 
in the example, and detailed explanations are omitted 
in regard to the generating circuits for each stage after 
that. Here, it is assumed that the initial stage corre- 
sponds to the sense amplifier bank SBO of FIG. 1 , and 
the second stage corresponds to the sense amplifier 
bankSBI of FIG. 1. 

As is shown in FIG. 7, the overdrive signal generat- 
ing circuits for the initial stage is constructed by means 
of the NAND gates NAND1 , NAND2, NAND3, AND gate 
AND1, inverters INV1, INV2, INV3, and the level shift 
circuits 70, 72. 

The sense amplifier bank SBO selection signal 
SBSO and the sense amplifier enable signal SAE are 
supplied to the two input terminals of the NAND gate 
NAND1, and its output terminals are connected to the 
input terminal of the inverter INV1. Also, the overdrive 
control signal SAO is applied to the input terminal of the 
inverter INV2, and its output is connected to the input 
terminal of the inverters INV3. The output signal of the 
inverter INV3, along with being supplied to the two input 
terminals of the NAND gate NAN D2, is supplied to the 
next stage overdrive signal generating circuit as the de- 
lay signal DLYO of the first stage. 

The output signal of the inverter INV1, along with 
being supplied to the sense amplifier bank SBO as the 
control signal SAN_, is supplied to one of the input ter- 
minals of the AND gate AND1 and the NAND gate 
NAND3. The output signal of the NAND gate NAND2 is 
supplied to the other input terminal of the NAND gate 
NAND3, and the output signal of the NAND gate NAND3 
is supplied to the other input terminal of the AND gate 
AND1 and the level shift circuit 72. The level shift circuit 
72 changes the input signal of the voltage level V ss (0 
V) - V DL (2.2 V) to the signal of the voltage level V ss (0 
V) - V DD (3.3 V) and supplies it to the sense amplifier 
bank SBO. The output signal of the AND gate AND1 is 
supplied to the level shift circuit 70, and the level shift 
circuit 70 changes the input signal of the voltage level 
V ss - Vql to a signal of the voltage level V ss - V DD , and 
supplies it to the sense amplifier bank. SBO. 

The signals SAN_0, SAP1 J), and SAP2 _0 in FIG. 
7 are respectively supplied to the transistor gate N13, 
the transistor gate P11, and the transistor gate N12 of 
the overdrive circuit shown in FIG. 5 

The second overdrive signal generating circuit, as 
is shown in FIG. 8, is constructed by means of the NAND 
gates NAND1, NAND2, NAND3, the AND gate AND1, 
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the inverters INV1, INV2, INV3, level shift circuits 70, 
72, and the delay circuit DLY The delay circuit DLY is 
constructed from the switch SW1 that receives the de- 
layed signal DLYO from the previous stage, the switch 
SW2 that selects one of the output signals of the series s 
connected inverters INVD1, INVD2, INVD3, INVD4, in- 
verter INV3, inverter INVD2, or inverter INVD4, and the 
switch SW3 that selects either the output signal of the 
switch SW2 or the previous stage delay signal DLYO. In 
the example of FIG. 8, the switches SW1, SW2, and 
SW3 are set so as to select the previous stage delay 
signal DLYO, the output signal of the inverter I NVD2, and 
the output signal of the switch SW2, respectively 

In FIG. 7 and FIG. 8, the sense amplifier bank se- 
lection signals SBSO, SB1 are activated in response to 
the address signals that are supplied from an external 
section of the DRAM, for example, in the case of the 
DRAM of the construction shown in FIG. 1 , one among 
the 17 sense amplifier banks SBO to SB16 is selected. 
Also, the sense amplifier enable signal SAE is also ac- 
tivated in response to an address signal that is supplied 
from an external portion of the DRAM, and the sense 
amplifiers in the sense amplifier bank are activated by 
means of the sense amplifier bank selection signal and 
the sense amplifier enable signal. 

Below, an explanation is given in regard to the opr 
eration of the overdrive signal generating circuit while 
referencing the waveform diagram of FIG. 9. 

In FIG. 9, when the sense amplifier bank SBO is 
selected in response to an address signal that is sup- 
plied from an external section of the DRAM, the sense 
amplifier bank selection signal SBSO is activated to 
high. Next, the sense amplifier enable signal SAE is ac- 
tivated to a high-level. Simultaneous with this activation 
of this sense amplifier enable signal SAE, the overdrive 
control signal SAO that is generated by a not illustrated 
signal is activated to low, and this overdrive control sig- 
nal SAO is held at low during the period of T 0VD . In re- 
sponse to this sense amplifier enable signal SAE and 
overdrive control signal SAO, the control signals SAN_0 
and SAP1_0, which control the transistor N13 and the 
transistor P11 of the overdrive circuit shown in FIG. 5 in 
a conductive state, are respectively activated. There- 
fore, the power supply line SDN is placed at V ss 0 V, 
and the power supply line SDP is overdriven to the V DD 
3.3 V level. 

When the overdrive control signal SAO is changed 
to high, the control. signal SAP1_0 is changed to high 
correspondingly, and the control signal SAP2_0 is acti- 
vated to high. Therefore, the transistor P11 in FIG. 5 is 
shifted to the OFF state, and the transistor N11 is shifted 
to the ON state. The overdrive of the power supply line 
SDP is removed by means of the operation of this series 
of transistors P11, IM11, and the power supply line STP 
is made V DL 2.2 V. In this manner, the time for the over- 
drive in the overdrive signal generating circuit is made 
the same as the set time T OVD of the overdrive control 
signal SAO. After that, when the sense amplifier enable 
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signal is changed to low, the control signals SAN_0, 
SAP2J) are changed to low, the transistors N12, N13 
of FIG. 5 are shifted to the OFF state, and the power 
supply lines SDP, SDN are precharged to the V DL /2 level 
by means of a not-illustrated precharge circuit. 

in FIG. 9, when the sense amplifier bank SB1 is se- 
lected in response to the address signal that is supplied 
from an external section of the DRAM, the sense ampli- 
fier bank selection signal SBS1 is activated to high. 
Next, the sense amplifier enable signal SAE and the 
overdrive control signal SAO are activated to the low lev- 
el, and this overdrive control signal SAO is held low dur- 
ing the period of T 0VD . The control signals SAN_1 and 
SAP1_1 that control the conductive states of the tran- 
sistor N13 and the transistor P11, respectively, in the 
overdrive circuit shown in FIG. 5, are activated. There- 
fore, the power supply line SDN is made V ss 0 V, and 
the power supply line SDP is overdriven to the V DD 3.3 
V level. 

The delay signal DLYO that is output from the signal 
generating circuit used for the overdrive of the initial 
stage shown in FIG. 7 is input to the delay circuit DLY 
of the signal generating circuit used for the second over- 
drive shown in FIG. 8, the delay T d for two inverter stag- 
es INVD1 , INVD2 are provided, and are supplied to the 
signal generating circuit used for the overdrive of the 
next stage and to the NAND gate NAND2. Even though 
the overdrive control signal SAO is changed to high, 
since the other input signal for the NAND gate NAND2, 
in other words, the delay signal DLY1, is held low during 
T d , at the point in time at which the overdrive control 
signal SAO is changed to high and the time T D has 
elapsed, the control signal SAP1_1 is changed to high, 
and the control signal SAP2_1 is activated at the high- 
level. Therefore, the transistor P11 in FIG. 5 is shifted 
to the OFF state, and the transistor N11 is shifted to the 
ON state. Due to the operation of this series of transis- 
tors P11, N11, the overdrive for the power supply line 
SDP is removed, and the power supply line SDP is made 
V DL 2.2 V. In this manner, the time for the overdrive at 
the signal generating circuit used for the second stage 
overdrive is made the time in which the delay time T D of 
the delay circuit DLY is applied to the set time T OVD for 
the overdrive control signal SAO. After that, when the 
sense amplifier enable signal SAE is changed to low, 
the control signals SAN_1 , SAP2_1 are changed to low, 
the transistors N 1 2, N 1 3 of FIG. 5 are shifted to the OFF 
state, and the power supply line SDP, SDN are pre- 
charged to the V DL /2 level by means of a not-illustrated 
precharge circuit. 

The second sense amplifier overdrive signal 
SAP1_1 becomes a pulse signal having a width that is 
wider by just the delay time amount that was generated 
by means of the delay circuit DLY, compared to the first 
stage drive signal SAP1_0. Here, if it is assumed that 
the width of the first stage sense amplifier drive signal 
SAP1_0 is Tqdo, and the delay time that was generated 
at the delay circuit DLY 81 is T D) The pulse width of the 
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sense amplifier drive signal SAP1_1 for the second 
stage becomes T ODO + T D . The pulse width T ODO of the 
sense amplifier drive signal SAP1_0 for the first stage 
is determined by means of the pulse width T OVD of the 
overdrive control signal SAO, and is almost the same 
as T OVD . 

Signal generating circuits used for overdrive having 
the same type of construction as the signal generating 
circuit used for the overdrive of the second stage are 
connected in multiple stages, and signal generating cir- 
cuits used for the overdrive are provided in exactly the 
number of sense amplifier banks, including the signal 
generating circuit used for overdrive of the first stage. 
The signals used for overdrive are generated from a 
pulse width corresponding to each memory cell mat by 
means of these overdrive signal generating circuits. In 
the above-mentioned application example, the first 
stage overdrive time T ODO is 14 to 17 nsec, and the de- 
lay times for the delay circuits can be set to 0, 0.4, and 
0.8 nsec. Since the drive timing for the sense amplifiers 
of the memory cell mat of the nearest end is controlled 
by means of the signal generating circuit used for the 
overdrive of the first stage, and the drive timing for the 
sense amplifier of the memory cell mat of the farthest 
end is controlled by means of the signal generating cir- 
cuit used for overdrive of the farthest end, the generation 
of an excessive overdrive of the bit line at the memory 
cell matrices of the near end side can be prevented, and 
a sufficient overdrive can be conducted for the bit lines 
at the memory cell matrices of the far end side. 

As was explained above, according to this inven- 
tion, the supply timing is controlled for the power.supply 
voltage to each sense amplifier bank by the sense am- 
plifier drive control means that is in the array control cir- 
cuit AGO in response to the line length between the sup- 
ply nodes CTO, CT1 , CT2 for the sense amplifier power 
supply voltages and each sense amplifier bank SBO to 
SB15, and since the supply time is shortened for the 
overdrive to the near end sense amplifier bank SBO and 
the supply time for the overdrive voltage to the sense 
amplifier banks as it approaches the far end are set suc- 
cessively longer, the sensing delay due to the voltage 
drop that is generated in the supply lines between the 
supply nodes and the sense amplifier banks can be 
compensated, an equalization of the overdrive to both 
the near and far ends can be designed, excessive over- 
drive to the memory cell mat at the near end can be 
avoided, and a reduction in the power consumption can 
be realized. 

FIG. 10 is a block diagram showing an outline of the 
construction of a submatrix SMV that uses a tiered bit 
line construction. Submatrix SMV is sandwiched by the 
sense amplifier bank SB1 ' and the sense amplifier bank 
SB2'. In submatrix SMV, 256 sub-word lines are alter- 
nately extended from the sub-word line drive circuits 
SWDV, SWD2', respectively, and the 256 bit line pairs 
(and the extended bit line pairs) are alternately connect- 
ed to the sense amplifier banks SBV, SB2 1 , respectively. 



During memory access, one line is selected within the 
512 lines, and held at high activation state by means of 
the sub-word line drive circuits SWDV, SWD2* in re- 
sponse to the address information that is input to the 

5 main word line and sub-word line drive circuits SWDV, 
SWD2'. In FIG. 1 0, for purposes of explanation, only the 
sub-word lines SWLj, SWL j+1 j = 0, 1, 2, 511 are 
shown. The respective 128 sense amplifiers SAI are ar- 
ranged in the sense amplifier banks SBV, SB2 1 of the 

10 section corresponding to submatrix SMV. The sense 
amplifiers SAO, SA2, SA254 are arranged in the 
sense amplifier bank SBV, and the sense amplifiers 
SA1 , SA3, . . ., SA255 are arranged in the sense amplifier 
bank SB2V In FIG. 10, only the sense amplifiers SAO, 

15 SA1, SA2 are shown. Also, the sense amplifier banks 
SB1 ', SB' [Sic; SB2'] are shared by the submatrices that 
are arranged on both sides of them. 

Below, an explanation is given in regard to the con- 
struction of submatrix SMV. 

2Q in submatrix SMV, a single memory cell is arranged 
at the intersection point of the sub-word line and the bit 
line and the complementary bit line, and in the same 
manner, a single memory cell is arranged at the inter- 
section point of the sub-word line and the extended bit 

25 line and the extended complementary bit line. FIG. 10 
shows only the memory cells MC 0 j, MC 0j+1 , MC^ j, 
Mc ij+1' MC 2j- Mc 2.j+1 as an exam Pte- Also, in FIG. 10, 
the arrangement positions of the memory cells are 
shown by means of dots at the intersection point of the 

30 sub-word line and the bit line and complementary bit 
line, and the sub-word line and the extended bit line and 
extended complementary bit line, and the construction 
of the memory cell is omitted. The memory cells are con- 
structed for example, by means of a single transistor Q 

35 and a single capacitor C. 

Each bit line and each complementary bit line are 
divided in two to the right and left at the intermediate 
ground point of the submatrix SMV. For example, the 
left-side bit line pairs BL^ R , BLq r_ are connected to the 

40 sense amplifier SAO, and the right-side bit line pairs 
BL 0 R , BLq r are connected to the sense amplifier SAO 
by means of upper layer line pairs MLq, ML^ that are 
formed on a layer that is above the bit line. HU 0 , HU 0 
are through-holes for the purpose of connecting the up- 

45 per or line pairs MLq, ML^ and the right side-line pairs 
BLq R , BL 0 R _. 

It has the same type of construction for the other bit 
line pairs. Here, the bit lines that are connected to the 
sense amplifier by means of upper layer conductor are 

so called the extended bit lines EXBL, and in contrast to 
these, the bit lines that are directly connected to the 
sense amplifier are called the regular bit lines. Also, this 
type of construction is called the extended bit line sys- 
tem. 

55 The sense amplifier is connected to the bit line pairs 
by means of transfer gates. For example, the sense am- 
plifier SAO is connected to the bit line pair BLq L , BLq L _ 
by means of transfer gates T G0 a , TG 0ia . and is further 
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connected to the extended bit line pair BLq r , BLq r by 
means of transfer gates TG 0 b , TG 0 b _. The transfer 
gates TG 0 a , TG 0ja _ are connected to the control signal 
line T4, and the transfer gates TG 0 b , TG 0 b _ are con- 
nected to the control signal line T3. The bit line pairs that 
are connected to the sense amplifier SAO are selected 
by means of controlling the voltage level of the control 
signal lines T3, T4 For example, if the control signal line 
T3 is held low, and the control signal line T4 is held high, 
the transfer gates TG 0 a , TG 0 a become in the ON state, 
and the transfer gates TG 0 b , TG 0 b _ become in the OFF 
state, the sense amplifier SAO and the bit line pair BLq l , 
BLq L _are connected, and the upper layer conductor line 
pair ML 0 , ML^ are disconnected from the sense ampli- 
fier SAO. 

It is also the same at the other sense amplifiers. In 
FIG. 10, the transfer gates and the sense amplifiers are 
separately arranged, but in an actual circuit, the transfer 
gates can also be arranged within the sense amplifier. 
Also, it is not illustrated, but the control signal lines T1 
to T8 that control the ON/OFF state of the transfer gates 
are connected to array control circuits ACO and the like 
as is shown in FIG. 1 , and are controlled by means of a 
decoder X within the array control circuit ACO. 

FIG. 11 shows the changes of the bit line potential 
during overdrive at the regular bit line BL and the ex- 
tended bit line EXBL. As is illustrated, the width of the 
pulse used for overdrive that is applied to the regular bit 
line BL is set to T R , and the width of the pulse used for 
the overdrive that is applied to the extended bit line EX- 
BL is set to T E , respectively. As was mentioned above, 
since the extended bit line EXBL is connected to the 
sense amplifier by means of upper layer conductor, its 
load capacity is greater than the regular bit line BL, and 
during overdrive the width T E for the pulse used for over- 
drive that is applied to the extended bit line EXBL is set 
wider than the width T R of the pulse used for the over- 
drive of the regular bit line BL. As a result of this, as is 
shown in FIG. 11 , after the overdrive operation, both the 
regular bit line BL and the extended bit line EXBL are 
charged to the internal operating voltage V DL , and the 
variation in the sensing speed that originates in the dif- 
ference of the load capacities of the regular bit line and 
the extended bit line are avoided. 

In FIG. 11 , the dotted line is a waveform of the po- 
tential changes of the regular bit line BL for a case 
wherein a timing adjustment for the overdrive was not 
conducted between the regular bit line BL and the ex- 
tended bit line EXBL, and the timing was set for the over- 
drive at the extended bit line EXBL. 

When the control method for the overdrive of this 
convention is applied to a device of the above-men- 
tioned tiered bit line construction, at the pulse generat- 
ing circuit used for overdrive shown in FIG. 3, it is nec- 
essary that it be made so that the pulse used for the 
overdrive for the same sense amplifier banks can be 
made two settings among the one used for the ordinary 
bit line and the one used for the extended bit line. It is 



not clearly shown in regard to a specific circuit construc- 
tion, but like the relationship of the width of the pulses 
used for the overdrive of the two adjacent sense ampli- 
fier banks shown in FIG. 3, it is probably clear to a per- 

s son within the industry that it is acceptable as long as it 
is a construction that can be made to generate a pulse 
used for the overdrive of the regular bit line and a pulse 
used for the overdrive of the extended bit line having a 
pulse width that is wider. 

10 in other words, along with changing the width of the 
pulse used for the overdrive between each sense am- 
plifier bank shown in FIG. 3, the width of the pulse used 
for the overdrive between the regular bit line pair and 
the extended bit line pair for the same sense amplifier 

is bank can be varied. 

. . As was explained above, in- the semiconductor 
memory device of this invention, since the timing for the 
overdrive is controlled in response to the conductor 
length between the memory cell matrices and the power 

20 supply voltage supply lines, the sensing delay originat- 
ing in the voltage drop in the conductor can be compen- 
sated for, each bit line can be driven to the optimum volt- 
age by means of overdrive, and the generation of ex- 
cessive overdrive for the near end can be prevented. 

25 

Claims 

1 . A semiconductor memory device comprising: 

30 

a first, second, and third voltage supply node 
for providing a first voltage, a second voltage 
that is a higher than the first voltage, and a third 
voltage that is higher than the second voltage, 

35 a memory cell array having the memory cells 

arranged at intersection points of word lines 
and bit line pairs, and which hold charges cor- 
responding to the first voltage and the second 
voltage as data, 

40 a sense amplifier block connected to the bit line 

pairs, having sense amplifiers that operate in 
response to the first voltage and the third volt- 
age during a first period of reading data stored 
in the memory cells, and which operates in re- 

45 sponse to the first voltage and the second volt- 

age during a second period, 
a first, second, and third conductor for respec- 
tively supplying the first voltage, the second 
voltage, and the third voltage to the sense am- 

50 plifier block, and 

a sense amplifier drive control means for regu- 
lating the length of the first and the second pe- 
riods in response to the length of the conductor 
between the conductors for the above-men- 

ss tioned voltage supply nodes and the sense am- 

plifier block. 

2. The semiconductor memory device of Claim 1 
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wherein the sense amplifier drive control means 
controls the length of the first period according to 
the length of the first conductor length. 

The semiconductor memory device of Claims 1 or 5 
2 wherein the sense amplifier drive control means 
contains a pulse signal generating circuit for gener- 
ating a drive pulse signal of a width corresponding 
to the conductor length, and in which the drive con- 
trols the length of the first period. 10 

The semiconductor memory device of Claim 3 fur- 
ther comprising: 

a delay circuit for appling a prescribed delay 
period to a reference pulse signal and a logic cal- is 
culating circuit for generating the drive pulse signal 
by inputting the reference pulse signal and the out- 
put signal of the delay circuit. 

The semiconductor memory device of Claim 4, 20 
wherein the delay period of the delay signal is set 
to a period corresponding to the conductor length. 
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Figure 2 



13 



EP 0 892 409 A2 




Figure 3 



14 



EP 0 892 409 A2 



DLY 




INVD1 JNVD2 1NVD3 INVD4 



Figure 4 



15 



EP 0 892 409 A2 



Vol 



Vpf T T Vdo 
LjrNii 

sapO SAP2H S N12 



lo DL_ 




SAP J 
(PLS) 



SAP2 



SAN 



(b) 



Figure 5 



16 



EP 0 892 409 A2 




Figure 6 
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Figure 1 1 
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